Teaching by direct models in science has been weakening the learning process of the students, because the real problems in engineering are not solved by direct models instead commonly they are solve by inverse models. On the other hand, one of the most relevant topics in the course of waves and particle physics oriented for the forming engineers; it's the subject of simple harmonic motion forced damping, which many physical phenomena can be explained as the quality factor Q and the resonance frequency of an oscillatory forced system. In order to capture the attention of students and give an application to this issue. We have developed an experimental setup to take measurements of electric current, voltages from capacitor and inductor for different frequencies and resistances, once the experimental data were collected to study the behavior of the electrical current inside the circuit and find out the RLC parameters with an inverse model. Finally, we want to show the process in detail how parameters of the system (Resistance, Inductance and Capacitance values) are very relevant in this kind of systems, from the results obtained by experimental measurements of voltage, current and angle of phase shift, where this was achieved by implementing an indirect method described in this document, so that can be applied to studies of more complex systems such as a motor where such parameters may be unknown.
Introduction
In many of the current works, experiments of an RLC circuit have been carried out, using numerical and experimental methods to solve the second-order differential equation that governs the behavior of the current along the electric circuit to be studied [1] [2] [3] [4] [5] [6] .
It is very uncommon to find a research work, in which the students are shown the physical phenomenon of the problem being analyzed, for example the damped effect of the current in a series RLC circuit without previously knowing the values of the resistance, the inductivity of the coil and neither the capacitance of the capacitor used for this experiment. arXiv:1908.01891v1 [physics.ed-ph] 5 Aug 2019
We authors, we want to present a work in which you can visualize the wave phenomenon of the current, in an RLC circuit, in addition to how from measurements of current and voltage in it, we can see the damping behavior of the system, for which we use a very low resistance value which will allow us to observe the three regions of this system, which are: the inductive region, the resistive region and the capacitive region.
One of the details to highlight in this work, consists of being able to present an RLC circuit from the point of view of the forced oscillatory oscillatory movement, where two solutions are expected, which are: a transient (dominated principally by the factor of the amplitude of voltage of the generator of signals) and another quasistationary (which is presented by the connection of a coil, a resistance and a capacitor), from the two responses obtained (forced and damped) by the physical system studied in this article, we can obtain the values the resistance (R), the inductance (L) and the capacitance (C). For which we have developed a Script in Python, where the results of voltage and current of the system are analyzed principally. This paper is organized as follows: Section 2, describes the Theoretical study corresponding to the calculates for the RLC circuit. In Section 3, shown the experimental procedure for the data takes. In Section 4 the results concerning to the validate of the experimentall method shown in the previous sections. Finally we present some conclusions about of this work.
Theoretical study
The physical model of the system under study is shown in Figure 1 . Thissystem consists of an RLC circuit in series. In order to study this system, we must start with the following equation(Kirchhoff's mesh law) [7, 8] :
Now using the expression of electric current as a function of charge and time, we have:
If we replace the Expression (2) in Equation (3), we obtain the following differential equation:
where ω = 2πf , being f the temporary frequency of oscillation of the voltage source and by organizing Equation (5), we have:
From Equation (7), and using the equation of a forced and damped harmonic oscillator, we can write [9, 10] :
where γ is the damping factor, F 0 is the amplitude of the applied force and ω 0 is the natural frequency of the system. Comparing Equation (7) with the expression (8), we can obtain the following expressions:
Given that the system current i(t) (See the Figure 2 ) can be expressed as a function of the voltage V (t) using the following equations, Figure 2 : Graph of the current as a function of the frequency, where the expected behavior for three resistances of different values is observed.
where z(ω) is the impedance of the circuit, it should be noted that the expression to find the amount of charge stored in the circuit, we can write the harmonic relationship of the charge with the angular frequency of the system i(t) = I 0 cos(ωt + φ), we have:
If we take into account only the maximum value (amplitude of the function) of the current and the charge we have:
It is also of great importance to define a phase angle β of the circuit between the voltage of the coil, that of the capacitor and that of the resistance (See the Figure 3) . Figure 3 : Beta angle behavior β for two different resistance values in a series RLC circuit, where the black curve belongs to the value of the lowest value resistance R 1 , so the curve of red color corresponds to the resistance of greater value R 2 (R 2 > R 1 ).
One of the most important parameters to be calculated in this type of systems (serial RLC circuit), is the quality factor or merit factor denoted also as factor Q, is defined experimentally as:
Where f 0 is the resonance frequency of the system, in addition, we can calculate this factor theoretically through the following analytical calculation:
Finally, a parameter that can give us indications of the behavior of the energy in the circuit is the average power P a (See the Figure 4 ), which is expressed as:
where I a and V a are the average value corresponding of current and voltage. Also V 0 and I 0 are the amplitude values of the voltage and current respectively. 
Experimental study
We initially carried out the assembly of a series RLC circuit, with the values of resistance R, inductance L and capacitance C supplied. In order for the circuit to behave as forced movement, also add in series an AC source.
Where the procedure to follow is as follows:
1. For the values of L = 4, 83 mH and C = 4, 7 µF given, calculate the theoretical value of the resonant frequency of the circuit, according to the Equation (9).
2. Start the data collection with a frequency of 100 Hz and measure the circuit current.
3. Increase the value of the frequency by 100 and measure again, until you find the maximum current of the circuit (in resonance).
4. From the last previous value increase the frequency of the generator in larger intervals (600 Hz) and continue measuring the current until a value close to that measured with the initial frequency of 100 Hz is obtained.
5.
Vary the resistance of the potentiometer and repeat steps 3 to 5.
In Table 1 , we organize the data taken from the experiment, where we can see that in our case we have a resonance frequency f 0 = 1044 Hz. 
Results
Once we take the experimental data of the current in the series RLC circuit, using equation (15), we can obtain the value of the phase angle for the charge α = −β and the angular shift of the current β. In Table 2 , we calculate the value of the phase angle α and β, for the charge and the current respectively, as a function of the temporal oscillation frequency of the source using the electric signal generator.
It is important to note that in Table 2 , we have performed the calculation of the α and β phase angle with the same frequency intervals for values below the resonant frequency f 0 (Capacitive regime) and for values above the resonant frequency f 0 (Inductive regime).
In order to compare the behavior of the phase angle α and β for the four different resistance values taken in this experiment (R = 10, 20, 50 and 100 Ω), we show in Table 3 , the phase angles for the charge and the current taking into account the highest value of the resistors.
In Figure 5 , we show the current curves for the four resistance values that we work in this article, where you can notice the behavior of the current as a function of the frequency, where you can also see the more damped behavior (curve with lower height) to in the case of the higher value resistors (R = 50 and 100 Ω) and, on the contrary, a behavior with a lower damping factor in the case of lower value resistors (R = 6 and 20 Ω), this result corresponds to analytical way with Equation (9).
In Figure 6 and Figure 7 , we can see the behavior of the phase angle for the electric charge and the current respectively, it should be noted that at a lower resistance value, the graphs show a more curved or smooth behavior and a more linear profile in the case of the highest resistance value.
Also, we show in table 4 the results of the experimental and theorical quality factor Q (See the equations (16) and (17)) for the four resistances, based on the frequency values f 1 and f 2 using Figure 5 .
Finally in Table 5 , we show the respective experimental errors obtained in this work.
R [Ω]
Absolute error Q Percentage relative error Q (%) 6 0,032 0,609 20 0,005 0,317 50 0,005 0,794 100 0,08 25,396 Table 5 : Table of the calculation of the experimental errors for the quality factor Q for the different resistances taken into account in the experiment.
Conclusions
In this work the process of implementation of the study of a forced oscillatory movement has been shown in detail, using as an analogy the experimental tool of the assembly of a series RLC circuit, in which it could be seen how the capacitive and inductive region of this case differ at a factor of approximately three orders of magnitude, which is mostly due to the difference in values between the capacitor and the coil used for the development of this article.
With this research, students could be shown a practical example in which the damping factor is involved with the value of the resistance taken in the series RLC circuit, where the relationship between the damping factor and the resistance It is directly proportional, in addition to being able to experimentally observe the value of the resonant frequency in the system for the maximum current amplitude obtained experimentally.
Finally, in this document it was possible to calculate the respective experimental errors obtained for the quality factor Q depending on the value of the resistance taken, where quite acceptable values were obtained.
